The effect of oxides in various aluminium powders on foamability  by Asavavisithchai, S. & Kennedy, A.R.
Procedia Engineering 32 (2012) 714 – 721
1877-7058 © 2012 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2012.02.002
Available online at www.sciencedirect.com
I-SEEC2011 
The effect of oxides in various aluminium powders on 
foamability 
S. Asavavisithchaia and A.R. Kennedyb 
aDepartment of Metallurgical Engineering, Faculty of Engineering, Chulalongkorn University, Bangkok, 10330, Thailand 
bAdvanced Materials Research Group, School of Mechanical, Materials and Manufacturing Engineering, University of Nottingham, 
University Park, Nottingham, NG7 2RD, UK 
Elsevier use only: Received 30 September 2011; Revised 10 November 2011; Accepted 25 November 2011.  
Abstract 
Al powders, manufactured by different powder metallurgical methods, with various sizes have been used to produce 
Al foams. Different oxide contents in various Al powders play a major role in foam expansion and stability. The air-
atomised coarse Al powder with a high oxide content of 0.536 wt.% shows the largest foam expansion. Of similar 
particle size, a small foam expansion is found when the centrifugally atomised coarse Al powder with 0.061 wt.% 
oxide is applied. The large foam expansion resulted from a high content of oxide clusters of crumpled films 
developed during foaming process. 
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1. Introduction 
Metallic foams can be made via a powder metallurgy (PM) route by heating a compacted mixture, or 
foamable precursor, of Al or Al-alloy powders and a foaming agent, typically TiH2, to a temperature 
slightly above the melting point of Al. The decomposing TiH2 releases hydrogen gas into the molten 
compact and a cellular structure is formed [1-3]. The PM foaming process is rapid with expansion 
occurring in only a few minutes and a foam product with a useable cellular structure is achieved only 
seconds before the maximum expansion is obtained. After this point, the foam collapses rapidly. 
Liquid foams are thermodynamically unstable and reduce their large surface energy by coarsening, 
leading to cell wall rupture and foam collapse [4]. They are also kinetically unstable as a result of 
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drainage of liquid through cell walls and Plateau borders, due to capillary forces and to gravity, which 
leads to cell wall thinning [4-6]. These effects lead to undesirable, inhomogeneous foam structures and 
unreliable mechanical properties. 
The stability of PM route foams relies on solid oxide particles that are present in the expanding liquid. 
These stabilising oxides come from the thin surface oxides on the Al powder particles, are less than 50 nm 
thick, and are ruptured during powder consolidation [7, 8]. It is believed that tiny broken oxides form 
local oxide clusters during foam expansion [9, 10] and that these clusters are thought to act in much the 
same way as solid particles that are added to liquid metal foams [11-14]. This study aims to study the 
expansion and stability of PM-route Al foams using various Al powders, which have various oxide 
contents, to gain a better understanding in the oxide effect. 
2. Experimental procedure 
Conventional air-atomised Al powder was used as the base material to study the effect of oxide on 
foam expansion and stability. Three different Al powders, categorised as fine and coarse air-atomised and 
centrifugally atomised and subsequently milled coarse powders, were also used in this study. All powders 
were supplied by ALPOCO (UK) with a nominal purity of 99.7%. Powder specification and chemical 
compositions are summarised in Table 1. The size analysis of the powders was carried out using a laser 
diffraction Malvern Mastersizer 2000, producing a data set for the particles in a range between 0.02 and 
2000 Pm. A Philips XL30 FEG scanning electron microscope (SEM) was used to examine powder 
morphology. The morphologies of the powders are shown in Fig. 1. The conventional and fine Al 
powders have a similar spherical shape.  The coarse (air-atomised) powder has a rougher surface than that 
of the coarse (centrifugally atomised) powder. 
Table 1. Al powder specifications and chemical compositions 
Physical properties  Composition (wt.% r0.001) 
Powder Purity 
(%r0.01) 
D50 
(Pmr1) 
 
 Al Fe Si Mg Others each 
Conventional Al 99.7 67  Bal 0.074 0.016 - < 0.01 
Fine 99.7 27  Bal 0.076 0.029 < 0.01 < 0.01 
Coarse (air-atomised) 99.7 170  Bal 0.068 0.02 0.007 < 0.01 
Coarse (centrifugally atomised) 99.7 185  Bal 0.016 0.013 < 0.01 < 0.01 
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Fig. 1. SEM micrographs showing morphology of different powders; (a) conventional, (b) fine, (c) coarse (air-atomised) and (d) 
coarse (centrifugally atomised) 
To produce Al foams, powder-compacted precursors were made by mixing Al powder with 0.6 wt% 
of TiH2 powder in a tubular mixer for 20 min, followed by cold uni-axial compaction in a 22 mm 
diameter die at 650 MPa. Precursors were in situ foamed in a mechanical expandometer which was placed 
in a pre-heated tube furnace at 800qC. Foams were also made ex situ by interrupting foaming process at 
varying times. To examine foam macrostructure, foam samples were sectioned longitudinally, along the 
midplane, using electro-discharge machining (EDM). Matt black paint was employed on the surface of 
the samples, followed by light grinding using SiC papers, in order to enhance the contrast in the foam 
structure. The painted foams were scanned using a HP Scanjet 6100C at resolution of 100 dpi. For 
microstructural examination, the samples were mounted in cold-setting epoxy resin with an electrical 
contact at the back, ground and polished, finishing with a 1-ȝm diamond wheel. Anodising of the samples 
in a solution of 2% HBF4 in water, for 45 s at 30 V was performed in order to reveal the contrast of 
grains. 
(a) (b)
(c) (d)
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3. Results and discussion 
The oxygen concentration, measured by the LECO method, for different as-received Al powders is 
shown in Table 2. The coarse (centrifugally atomised) powder has a very low oxygen concentration of 
0.061 wt.%, whilst the coarse (air-atomised) powder contains the highest oxygen level, 0.536 wt.%. It 
was expected that the fine powder would have a higher oxygen concentration, since it has the largest 
surface area, but this was not the case. 
Table 2. Oxygen concentration in different as-received Al powders 
As-received Al powder Oxygen concentration (wt.% ±0.001) 
Conventional (air-atomised) 0.244 
Fine (air-atomised) 0.201 
Coarse (air-atomised) 0.536 
Coarse (centrifugally atomised) 0.061 
 
Microstructural images of anodised Al precursors made from different powders are depicted in Fig. 2. 
The images reveal the grain and sub-grain structure of the different powders after uni-axial compaction. 
In all cases, the grains are deformed perpendicular to the compaction direction and no porosity is 
observed. The black phase on the images is a facet of the anodising process and reveals the oxide on the 
powder surfaces. The content of this black phase varies depending upon the quantity of oxide in each 
powder. The oxide is unconnected and dispersed widely in the precursor. The shape of the oxide is 
irregular with an approximate apparent size between 5 and 10 Pm. It is clear that the coarse air-atomised 
powder, as shown in Fig. 2d, has the highest level of oxides and these observations agree with the 
measured oxygen contents. The coarse (centrifugally atomised) powder has very little oxide visible. 
Fig. 3 presents foam expansion plots for different as-received Al powders. The plots for conventional 
(O = 0.244 wt.%) and fine (O = 0.201 wt.%) powders show a similar magnitude and profile for both 
expansion and collapse. The coarse (air-atomised) (O = 0.536 wt.%) powder has the highest maximum 
expansion of 440%. A slow decay after the maximum expansion for this powder is observed. The coarse 
(centrifugally atomised) (O = 0.061 wt.%) powder has the smallest maximum expansion of 170%. 
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Fig. 2. Optical micrographs for anodised precursors made from different Al powders; (a) conventional, (b) fine, (c) coarse 
(centrifugally atomised), (d) coarse (air-atomised) 
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Fig. 3. Effects of oxygen content on foam expansion and stability 
 
Fig. 4 shows macrostructural images of cross-sectioned Al foam samples, using different as-received 
powders, foamed for three different times of 330, 360 and 480 s. The interruption of foaming at these 
particular times is an attempt to represent three different foaming stages; the middle of expansion, the 
maximum expansion and the middle of collapse. It is clear that both foam expansion and pore structure 
change as the oxide content changes. For foams with low contents of oxides, as shown in Fig. 4c for the 
coarse (centrifugally atomised) powder, the presence of a very thick layer of melt at the base of the foam 
(d)(c)
719S. Asavavisithchai and A.R. Kennedy / Procedia Engineering 32 (2012) 714 – 721
is observed not only during the collapse stage but also at the maximum expansion. A very low level of 
expansion is observed. Foams made using the fine powder, as illustrated in Fig. 4b, have a similar content 
of oxygen to the conventional powder and show very similar expansions and pore structures, as presented 
in Fig. 4a. The conventional powder shows a foam structure typical of the normal expansion and collapse 
processes. A large number of small pores grow and cells coalescence to form a few large pores and a 
dense layer of metal at the base of the foam. For foams with the coarse (air-atomised) powder, as seen in 
Fig. 4d, a large expansion and a thin layer of melt at the base of the foam are observed at the maximum 
and the collapse stages respectively. Severe damage of the foam shape is also observed during the 
collapse period and upon solidification. 
 
  
Conventional powder 
(O = 0.244 wt.%) 
Fine powder 
(O = 0.201 wt.%) 
 
  
Coarse (centrifugally atomised) powder 
(O = 0.061 wt.%) 
 
Coarse (air-atomised) powder 
(O = 0.536 wt.%) 
Fig. 4. Cross-sections of Al foams made using different Al powders; (a) conventional, (b) fine, (c) coarse (centrifugally atomised) 
and (d) coarse (air-atomised) 
 
It is known that the quantity of surface oxide on Al powders is dictated by many factors; for example, 
powder fabrication technique, powder size, atmosphere, humidity, temperature and time [15]. Due to this 
fact, the as-received powders of different sizes, made by different manufacturing techniques used in the 
present study, have different oxide contents. The conventional, fine and coarse powders, produced by air 
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atomisation, are subject to high temperatures and an oxygen-rich atmosphere during powder atomisation 
and solidification. Consequently, these powders inevitably have a high content of oxide due to oxidation 
as the powders are formed. The coarse, centrifugally atomised powder, on the other hand, which is then 
milled at room temperature, suffers very little from oxidation. This powder was formed by rapid rotation 
of molten Al which strikes a spinning disk from which tiny molten droplets are thrown off and solidify 
before hitting chamber walls [15]. This process does not use air to atomise the powder and, hence the 
powder is oxidised to far less a degree. 
Although the conventional, fine and coarse (air-atomised) powders were fabricated by the same 
atomisation technique, the oxide content for each powder varied with powder particle size. It was 
expected that the fine and coarse (air-atomised) powders would have the highest and lowest oxide 
contents respectively, but the opposite was observed. A possible explanation is that the air atomisation 
process for each powder was not performed in the same oxygen-controlled atmosphere, as they were 
made in different batches and, as a result was affected from different moisture contents in the air and air 
flow rates, leading to different oxide contents in the powders. 
If we consider the same mass of powder, the fine powder has the largest surface area and the highest 
rate of oxidation, at the same heating temperature, would be expected. This is the reason for the fine 
powder showing a larger increase in oxide content after heat treatment and a higher oxidation rate than 
that for the conventional and coarse (centrifugally atomised) powders. 
Unlike Al foams made by the melt route, the strength of the liquid foam structure in powder route 
foams is totally dependent upon the solid surface oxides from the powder particles, which are locally 
ruptured by shear stresses during compaction and remain in the resultant precursors. A variation in the 
oxide content in different Al powders has a significant effect on the degree of foam expansion and the 
foam stability.  
It is clear that the foaming behaviour for pure Al foams, described in terms of the magnitude of 
expansion and the rates of foaming and collapse, is closely related to the level of oxide content in the Al 
powder. The trend is that the expansion increases as the oxide content increases to the optimum oxide 
level, at which the largest maximum expansion is achieved. Beyond this, the maximum expansion 
decreases, indicating that the benefit of increasing oxide content starts to decrease. The rate of foam 
expansion and collapse, however, decreases continuously with increasing oxide content. In order to 
increase expansion, foam drainage has to be delayed or inhibited to some extent. As the oxide content 
increases, the melt viscosity increases, resulting in a reduction in drainage. An optimum oxide content 
suggests that the viscosity reaches an optimum level at which drainage is sufficiently retarded, whilst pore 
growth is not inhibited. A decrease in expansion with higher oxide levels suggests that the viscosity 
becomes too high and restrains pore growth and hence expansion. This increase in melt viscosity with 
increasing oxide is also responsible for the reduction in the rate of expansion. 
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